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Summary  Numerical  analysis  of  cooling  assessment  in  hot  vertical  fuel  rod  is  carryout  using
ANSYS 14.0  —  CFX  Solver.  Rewetting  is  the  process  of  re-establishment  of  coolants  with  hot
surfaces. Numerical  validation  exercise  carried  out  with  number  of  turbulence  and  shear  stress
turbulence  model  fairly  predict  the  experimental  data  and  used  for  further  investigation.  In  the
present paper,  dispersed  ﬂuid  is  simulating  with  CFX  solver  to  investigate  the  ﬂow  boiling  process
in emergency  cooling  of  vertical  fuel  rod.  When  coolants  come  in  contact  on  the  hot  surface  this
may not  initiated  the  wetting  patch.  However,  this  paper  introduces  the  unique  jet  impingement
direction to  remove  the  heat  from  the  hot  surface.  In  this  report,  the  rewetting  temperature  and
wetting delay  also  described  during  in  progress  of  wetting  front  movement  in  hot  vertical  rod.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
c
bntroductionn  water-based  nuclear  reactors,  it  is  essential  to  cooled
own  the  fuel  rod  temperature  in  loss  of  coolant  accident
ue  to  decay  heat  storage.  In  such  scenario  emergency  core
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icenses/by-nc-nd/4.0/).ooling  system  supply  liquid  coolant  into  the  fuel  assem-
ly  to  maintain  the  fuel  rod  temperature  below  its  critical
emperature  limits.  The  common  techniques  of  ECCS  are
ottom  and  top  ﬂooding  which  in  used  since  from  an  early
ime  of  nuclear  reactors.  The  advanced  heavy  water  reac-
or  is  a  unique  design  with  a  unique  way  of  ECCS  supplying
oolant.  This  reactor  contains  54  fuel  rods  arranged  in  a
oncentric  manner  (Sinha  and  Kakodkar,  2006).  Here,  the
oolant  central  tube  placed  in  the  centre  of  the  concentric
uel  assembly  with  number  of  jets  directed  outward.  Jets
upply  liquid  coolant  only  through  in  each  sector  and  sev-
ral  vertical  positions  of  the  fuel  assembly.  Six  holes  each  of
 mm  diameters  such  that  each  sector  contains  one  hole  at
icle under the CC BY-NC-ND license (http://creativecommons.org/
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fCFD  analysis  of  rewetting  vertical  nuclear  fuel  rod  
equal  angular  positions  in  13  different  axial  locations  with  a
pitch  of  271  mm.
Previously  from  the  available  data,  the  rewetting
behaviour  reported  with  coolant  ﬂow  rate,  initial  wall  tem-
perature,  material  properties,  sub-cooling,  jet  diameters,
etc.  Rewetting  of  the  hot  surface  occurs  when  a  contact
is  established  between  the  solid  and  the  liquid  ﬁlm  adja-
cent  to  it.  Thus  the  rewetting  temperature  can  be  described
as  an  interface  temperature  of  two  suddenly  contacting
materials  (Barnea  and  Elias,  1994).  The  time  required  to
initiate  wet  front  movement  may  called  wetting  resident
time.  The  wetting  delay  is  a  particularly  strong  function
of  all  the  mentioned  ﬂow  rates,  initial  wall  temperature,
etc.  (Piggott  et  al.,  1976;  Mozumder  et  al.,  2005).  Increase
in  initial  wall  temperature  is  accompanied  by  decreasing
rewetting  velocity  and  that  the  effect  of  increasing  coolant
inlet  sub-cooling  is  to  increase  the  rewetting  velocity.  The
rewetting  temperature  seems  to  be  independent  of  coolant
vapor  quality  and  coolant  ﬂow  rate  but  also  affected  by  the
initial  wall  temperature  (Lee  and  Shen,  1985).  The  study  of
cooling  assessment  in  AHWR  rod  bundle  is  experimentally
conducted  (Patil  et  al.,  2012).  However,  the  study  did  not
bring  out  details  of  rewetting  phenomena.  Numerically  this
study  reported  that  circumferential  conduction  is  signiﬁcant
and  radial  jet  inﬂuence  on  circumferential  rewetting  of  a
fuel  pin  (Kumar  et  al.,  2013,  2014).
In  the  present  paper,  an  analysis  of  dispersed  ﬂuid  on
rewetting  vertical  single  rod  with  water  jet  impingement
is  reported.  The  various  parametric  results  are  discussed  in
terms  of  rewetting  temperature  and  wetting  delay.
Physical models
The  AHWR  consisting  of  54  fuel  rods  is  arranged  in  concen-
tric  manner  shown  in  Fig.  1(a).  For  the  purpose  of  numerical
validation,  two  symmetric  boundaries  are  considered  in  the
wall  facing  other  sectors.  The  computational  domain  (sin-
gle  sector)  length  of  542  mm  and  JET  1  and  JET  2  are
placed  at  406.5  mm  and  135.5  mm  respectively  (2  mm  diam-
eter)  from  the  bottom  of  fuel  assembly.  The  outer  fuel  rod
diameter  is  11.2  mm  and  inner  diameter  of  9.5  mm.  The
present  numerical  study  on  rewetting  was  carried  out  at
atmospheric  condition.  The  simulation  was  initialized  as  hot,
dry  air  domain.  The  unsteady  simulation  is  conducted  with
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Figure  1  Computa111
he  time  step  of  one  second  and  homogenous  turbulence
odels  with  automatic  wall  function  is  employed.  Com-
utational  validation  is  conducted  for  a  given  particulate
ombination  numerical  set  data,  coolant  ﬂow  rate  (jets):
 l/min,  initial  wall  temperature:  430  K,  sub-coolant  tem-
erature:  296  K.  The  presented  model  has  been  extensively
xamined  and  validated  against  reported  experimental  data
Patil  et  al.,  2012),  shown  in  Fig.  1(b).  The  cooling  curve  data
re  extracted  from  the  vertical  point  203  mm  that  is  cor-
esponds  to  experimental  data  at  the  point  3200  mm  from
he  bottom.  The  optimized  mesh  has  been  set  to  the  follow-
ng  data,  Global  nodes:  1459854,  Global  elements:  1499465,
ace  element  size:  0.002,  First  layer  thickness:  0.000026,
ndicates  small  negligible  and  thus  considered  in  the  present
nvestigation.  In  addition,  the  ﬂow  is  not  fully  developed  and
 y+  value  of  approx.  10  is  considered.  The  computational
odel  for  numerical  analysis  has  been  modelled  with  a  single
od  and  presented  in  Fig.  2(a).
esults and discussion
he  mass  fraction  into  ﬂuid  domain  is  shown  in  Fig.  2(b)
nd  the  observation  of  various  regimes  of  boiling  at  dif-
erent  temperature  levels.  The  rewetting  progress  observed
onsiderably  slower  in  the  positions  away  from  the  jets  sec-
ion.  Thus,  the  rod  wall  initially  gets  heated  up  and  the
emperature  observed  higher  temperature  than  initial  given
emperature.  Here,  the  vertical  plane  (left)  and  top  view
JET1)  represents  the  mass  fraction  distribution  along  axial
osition  (between  135.5  mm  and  406.5  mm)  and  vertical
lane  (middle)  shows  the  distribution  of  coolant  temper-
ture.  The  inﬂuences  of  dispersed  ﬂuid  on  hot  surface  are
hown  in  Fig.  2(b)  (vertical  rod).  Irregular  spotting  of  coolant
nto  hot  surface  turned  rewetting  progress  is  faster.
It  is  observed  that  only  in  the  jet  section  the  wetting
elay  is  minimum,  see  Fig.  3.  Further  progress  of  time  the
all  gets  heated  up  thus  wetting  delay  will  be  longer  period.
n  the  advance  progress  of  time,  the  coolant  may  be  able  to
ccumulate  on  the  surface.  However,  the  wet  front  moves
aster  in  the  jet  position  as  due  to  the  high  impact  of  coolant
arried  out  heat  from  the  heated  surfaces.  Fig.  3  shows
he  effect  of  wall  temperature  experiences  in  the  progress
f  time.  The  position  271  mm  and  203.25  mm  are  observed
igher  temperature  were  the  coolant  could  not  re-establish
tional  models.
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Figure  2  (a)  Investigation  model.  (b)  Wall  temperature,  mass  fraction  and  water  temperature.
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n  hot  surfaces.  The  computational  results  indicated  that
he  propagation  of  wetting  front  is  uniform  in  the  inlet  sec-
ion.  However,  the  propagation  became  uneven  and  irregular
s  it  propagated  towards  the  downstream  directions.  The
neven  occurrence  of  an  irregular  wall  temperature  distri-
ution  in  the  rod  surface  is  shown  in  Figs.  2(b)  and  3.
onclusions
he  numerical  analysis  of  rewetting  of  the  single  vertical
od  is  performed  with  dispersed  ﬂuid  in  ANSYS  CFX  14.0
ode.  The  present  observation  reported  that  due  to  dis-
ersed  ﬂuid  (droplet  dia.  2  mm)  of  coolant  the  rod  wall
emperature  experience  non-uniform  quench  front  move-
ent.  However,  in  the  jet  section  the  rewetting  progress
ay  be  uniform  due  to  high  impact  of  coolant  injected,  thus
orced  convection  bring  down  the  rod  wall  temperature.  It
s  noted  that  the  peak  surface  temperature  is  determined  in
he  position  203.25  mm.  In  addition,  in  all  the  several  ver-
ical  position  the  cooling  curve,  turn  heated  up  within  the
imulation  period  of  100  s.  Thus,  the  rewetting  temperature
s  obvious  to  be  higher  than  the  initial  wall  temperature.
urther  investigation  needed  to  demonstrate  the  rewetting
ehaviours  in  the  fuel  rod  bundle.
Sture-cooling  curve.
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